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F i r s t  Amuaf Report 

NASA Grant NsG-416 

1 November 1963 through 1 May 1964 

1. In t roduct ion  

A s  i n  our  F i r s t  Semi-Annual Report, we repor t  here on 

the Universi ty  Is e n t i r e  space research program, including 

those po r t ions  financed by funds from Pi t t sburgh  foundations,  

the Commonwealth of Pennsylvania, o r  NASA f a c i l i t i e s  o r  

t r a i n i n g  grants .  A c t i v i t i e s  supported under NASA G r a n t  

NsG-416  will be s p e c i f i c a l l y  i d e n t i f i e d .  

2. Facul ty  Recruitment 

The Universi ty  has authorized the establishment of 

23 new tenured f a c u l t y  pos i t i ons  t o  support  space-oriented 

research  programs i n  science and engineering. A t  the time 

of our  F i r s t  Semi-Annual Report ,  six of these p o s i t i o n s  had 

been f i l l e d .  A s  of t h i s  date ,  fou r  o t h e r  p o s i t i o n s  have been 

f i l l e d  (one on a v i s i t i n g  basis) and three  o f f e r s  are 

outstanding. Recruitment f o r  the remaining u n f i l l e d  p o s l t l o n s  

i s  being pursued vigorously.  The four  new appointees are 

a. Edward C. Zipf ,  Jr., Assis tant  Professor  of Physics. 
_.- - 

Professor  Zipf ,  who received h i s  Ph.D. degree from the 

Johns Hopkins Universi ty  i n  1961, comes t o  u s  from the 

atmosphere physics. 
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b. Robert - H. lbson, Associate Professor  of Psychology. 

Professor  Gibson, who received h i s  Ph.D. degree from 

the un ive r s i ty  of V i rg in i a  i n  1962, comes t o  u s  from the 

Carnegie I n s t i t u t e  of Technology. His research interest  i s  

the study of the sk in  as a p o t e n t i a l  sensory organ f o r  

rece iv ing  communicated s igna ls .  

c. 0. Kubaschewski. - 
Professor  Kubaschewski, d i s t inguished  me ta l lu rg i s t  f r o m  

the University of London, w i l l  serve as V i s i t i n g  Professor  o f  

Metallurgy f o r  a six-month per iod beginning September, 1964. 

While here, he w i l l  guide the development of a research group 

i n  the thermodynamic study of a l loys .  

d. Donald Green, Associate Professor  of Biology. 

Professor  Green, who received h i s  Ph.D. from the 

Universi ty  of Rochester i n  1958, spent  s eve ra l  yea r s  as a 

B i o l o g i s t  a t  the  Oak Ridge National Laboratory and i s  now 

completing h i s  second year  as a Research Associate a t  Harvartl 

where he i s  working with Professor Paul Doty. Professor 

Green's research i n t e r e s t s  are i n  the area of microbiology. 

3. NASA Research Associates ( N s G - 4 1 6 )  

The t e n  pos tdoc tora l  research a s s o c i a t e s  appointed 

f o r  1963-1964 a r e  a l l  pursuing s t imula t ing  programs and 

appointment extensions f o r  an add i t iona l  year have been 

who i s  required t o  r e t u r n  t o  h i s  home i n s t i t u t i o n .  

cons idera t ions  d id  not  permit u s  t o  make more than four 

Budget 
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new appointments f o r  1964-1965. Tney were selected from a 

large number of  q u a l i f i e d  appl icants ,  our  physics  department 

f o r  example having received 64 unso l i c i t ed  i n q u i r i e s  and 

appl ica t ions .  The new research a s soc ia t e s  are i n  the f i e l d s  

of biology, mechanical engineering, crystal lography and 

physics .  

4. NASA Predoctoral  Trainees [NsG(T)-70]  

The t e n  NASA t r a i n e e s  who began the i r  programs i n  

September, 1963, are a l l  doing very s a t i s f a c t o r y  work and 

t h e i r  appointments have been renewed f o r  a second year.  

Twelve add i t iona l  appointments authorized f o r  September, 

1964, were made. Within recent  weeks, however, two of the  

appointees  have resigned, presumably t o  accept  o t h e r  o f f e r s .  

These appointments have been extended t o  o t h e r  h ighly  

q u a l i f i e d  candidates.  The 20 t r a i n e e s  who w i l l  be i n  residence 

during 1964-1965 are d i s t r i b u t e d  by f i e l d  as follows: 

biology - 1; chemistry - 3; e a r t h  and planetary sciences - 2; 

chemical engineering - 2; e l e c t r i c a l  engineering - 1; 

mechanical engineering - 2; physics - 7; psychology - 2. 

5. Capi ta l  Construction 

a. Space Research Coordination Center. 

The cornerstone f o r  t h i s  bui lding,  f inanced by NASA 

Faci l i - t ies  Grant NsG(F1-13, w i l l  be l a i d  2 June 1964, with 

occupancy i n  A p r i l  1965. 
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b. Extension - t o  Sarah Mellon Scaife  Radiation Laboratory 

($1,630,000). 

This bui lding,  f inanced from p r i v a t e  funds, i s  

e s s e n t i a l l y  complete. Delivery of the a c c e l e r a t o r  is 

expected within a few months. 

c. Engineering Building. 

Detailed planning f o r  t h i s  $14,600,000 s t r u c t u r e ,  

f inanced by the Commonwealth of Pennsylvania, i s  underway. 

d. Natural  Sciences Building. 

Detailed planning for the first u n i t  of t h i s  $7,405,000 

s t r u c t u r e ,  also financed by the Commonwealth of Pennsylvania, 

i s  underway. 

6. Research Reports 

Progress r e p o r t s  from all SRCC f a c u l t y  appointees 

and NASA Research Associates who are i n  residence are 

appended. 



COLLISION CROSS SECTION MEASUREMENTS AND ION TECHNOLOGY 
by 

Wade L. F i t e ,  Professor of Physics,  and 

and E l e c t r i c a l  Engineering 
Richard Brackmann, Research Ass is tan t  Professor  of Physics 

During the  p a s t  four  months progress  has taken t h e  
form o f  transforming research p lans  i n t o  hardware. 
Acquisit ion and construct ion of equipment has  taken t h e  
major share of e f f o r t .  
vacuum system, and i t s  accompanying e l ec t ron ic s ,  e t c . ,  
approach operat ion.  

A two-stage d i f f e r e n t i a l l y  pumped 

The f i rs t  task f o r  which t h i s  equipment w i l l  be used 
i s  the study of c e r t a i n  charge t r a n s f e r  r eac t ions  involving 
heavy ions  and atmospheric gases.  For these measurements, 
the 400-kev Van de Graaff acce le ra to r  i n  the  physics  
department w i l l  be used i n  conjunction wi th  the new apparatus. 
A t  p resent ,  the  f i n a l  construct ion i s  being made t o  couple 
the  acce le ra to r  t o  t h e  vacuum system. Preparat ion f o r  these  
experiments has a l s o  involved the cons t ruc t ion  of s u i t a b l e  
i o n  sources f o r  t he  heavy me ta l l i c  i ons  t o  be used and, i n  a 
sense,  the i n i t i a l  steps have been taken toward the "ion 
technology" goa ls  ou t l i ned  i n  our  f i rs t  r epor t .  

Although the charge t r a n s f e r  experiments occupy the 
major e f f o r t ,  p l ans  a r e  a l ready being made t o  convert  t he  
two-stage vacuum system i n t o  a two-stage modulated beam 
machine. T h i s  modification w i l l  e n t a i l  cons t ruc t ion  of mass 
spectrometr ic  de t ec t ion  equipment. 
t h e  bas i c  equipment now being completed can be used t o  
c a r r y  on, more or less  concurrently,  (1) the charge t r a n s f e r  
experiments, ( 2 )  development of sources of c e r t a i n  free 
r a d i c a l s  f o r  neu t r a l -neu t r a l  c o l l i s i o n  experiments p e r t i n e n t  
t o  airglow e x c i t a t i o n  and ( 3 )  d i rec t  s t u d i e s  of c o l l i s i o n  
processes  with exc i t ed  atoms and molecules. 
support  i s  being sought f o r  these areas of research.  

It i s  then planned t h a t  

Supplementary 

Support i s  a l s o  being sought f o r  provis ion  of more 
e l egan t  equipment and operating cos t s  f o r  two add i t iona l  
programs: (1) study of the airglow e x c i t a t i o n  mechanisms 
and ( 2 )  study of c o l l i s i o n  processes  involving atomic 
hydrogen. 
a n t i c i p a t i o n  the resul ts  of the charge t r a n s f e r  experiments 
which bear on d e b r i s  motion i n  the  upper atmosphere as well  
as ion  propulsion and the r e s u l t s  of experiments on e l e c t r o n  
c o l l i s i o n s  wi th  exc i ted  molecules because of the poss ib le  

ments. 

I n  the  meantime, w e  await with the greatest 

.-rr nnnlirafinn -- v u  -+...I of t h e  r p ~ u d t - s  t- cert.gifi t . ~ r p p ~  ~f p ~ c k ~ t  ~,.r=ppi-  



IWSTIGATION OF THE SCATTERING OF SEISMIC WAVES 
FROM GEOLOQIC DISCONTINUITIES 

by 
Walter P i l a n t ,  Associate Professor  of Geophysics 

The equipping o f  the model seismic labora tory  i s  
now complete. The laboratory i s  now making rout ine  v e l o c i t y  
and amplitude analyses  of seismic pu l ses  propagating i n  a 
v a r i e t y  of media. I n  preliminary work, i t  has been shown 
that  the bonding materials (e .g . ,  epoxy, glue,  e t c . )  used t o  
j o i n  dissimilar materials have a non-negligible e f f e c t  upon 
the p r o p e r t i e s  o f  e las t ic  wave propagation ac ross  an i n t e r -  
face .  A n  a n a l y s i s  of the propagation c h a r a c t e r i s t i c s  of a 
v a r i e t y  of bonding mater ia l s  i s  now underway. 

The d i r e c t  d i g i t i z i n g  equipment f o r  the model 
labora tory  i s  undergoing an extensive c a l i b r a t i o n  procedure 
a t  the present  time. Computer programs f o r  the ana lys i s  of 
the d i g i t a l  data have been converted t o  the P i t t sburgh  7090 
system and checked out  during the c a l i b r a t i o n  of the d i r e c t  
d i g i t i z i n g  equipment. 

During the  next period of i nves t iga t ion ,  the e f f e c t s  
of var ious model s t r u c t u r e s  w i l l  be inves t iga t ed  w i t h  
respect t o  the i r  u t i l i t y  i n  the approximation of representa- 
t i v e  real  e a r t h  s t ruc tu res .  



THE EARTH TIDE PROORAM 
by 

Robert Stoneley, Professor  of Geophysics 

The previous report  has emphasized the importance of 
observat ions of Earth t i d e s  i n  providing an  overal l  check on 
theo r i e s  of the i n t e r n a l  cons t i t u t ion  of the Earth. The 
usual  expos i t ion  of the theory does not  allow f o r  r eg iona l  
d i f f e rences  i n  c r u s t a l  s t ruc ture ,  and as a long-range p r o j e c t  
a r eg iona l  Eurvey of Earth tides is much t o  be desired. As 
already mentioned, a j o i n t  program with the U.S. Coast and 
Geodetic Survey has a l ready  been agreed upon i n  genera l  terns; 
a t  the  moment budgetaary r e s t r i c t i o n s  a r e  hampering the 
development of the U.S.C.  & G ,  S. side of  the work. Meantime 
good progress is being made a t  the P i t t sbu rgh  end towards 
s e t t i n g  up an Earth t i d e  s t a t i o n .  The chief  advances are as 
follows. 

(1) We are i n  the  process  of c los ing  the con t r ac t  on 

( 2 )  Professor  Ralph Wyckoff has spent  conelderable 

the proper ty  Involved i n  acqui r ing  the s i te .  

t i m e  i n  eva lua t ing  e x i s t i n g  instruments,  with the p a r t i c u l a r  
aim of t e s t i n g  the q u a l i t y  of the s i te  i n  r e spec t  of 
s t ab i l i t y  and "noise l eve l .  'I 

ordered f r o m  the Royal Observatory, Brussels ,  and dispatch 
of these i s  promised within a few days from now. 

(4)  A s e n s i t i v e  Lacoste-Romberg gravimeter has been 
ordered. This is less l ike ly  than the hor i zon ta l  pendulums 
t o  be adversely affected by metamlogica l  f l uc tua t ions .  

(5) Professor  Wyckoff has examined and r epa i r ed  the 
hor i zon ta l  seismographs, with t he i r  galvanometers and 
recording gear;  these  were formerly operated i n  the basement 
of the Cathedral of Learning and have been ou t  of a c t i o n  
for some years. They w i l l  be i n s t a l l e d  a t  the Earth t ide 
s t a t i o n ,  where i n  the first ins t ance  they will be used i n  
s i t e  tests. 

(3) Two hor i zon ta l  pendulums (tilt meters) have been 



CURRENT PROJECTS IN GENERAL RELATIVITY 
by 

Alan H. Thompson, Assistant Professor  of Mathematlcs 

The group whose work is  here repor ted  c o n s i s t s  of 
myself and two research students:  M r .  R. Roman and Mr. R. 
Reynolds. 

M r .  Roman is  continuing h i s  work on the problems of 
topology i n  general  r e l a t i v i t y .  
seeking g e n e r a l i s a t i o n s  of  r e s u l t s  of R. P. Kerr on grou 8 of 
K i l l i n g  Motions [R. P. Kerr, J. Math. Mech. 12, 33 (19637; 
R. P. Kerr, Tensor 12, 54 (1962)l. 

The work on CONFORMAL KILLING VECTORS noted i n  the 
las t  r e p o r t  i s  now more o r  less complete. 
e s t ab l i shed  f o r  conformal motions i n  a vacuum space-time 
have now been extended t o  more general  four-dimensional 
riemann spaces. 

With M r .  Reynolds I am 

- - 
R e s u l t s  p rev ious ly  

A n  examination of i n t e r i o r  s o l u t i o n s  of Type D I n  
the  Petrov c l a s s i f i c a t i o n  has been undertaken. This  I s  
motivated by the  r ecen t  work of Newman and J a n l s  on the  
Kerr-metrics. They i n t e r p r e t  t he  s o l u t i o n  of Type D found 
by Kerr as the g r a v i t a t i o n a l  f ie ld  e x t e r i o r  t o  a r o t a t i n g  
r ing .  
( s o l u t i o n s  t o  the  g r a v i t a t i o n a l  f ie ld  within matter) which 
could be f i t t ed  t o  the Kerr so lu t ion .  With this i n  mind 
I have considered a space of Type D with an energy-momentum 
t enso r  of a p e r f e c t  f l u i d ,  and examined the p r o p e r t i e s  of the 
time-like congruence which c o n s t i t u t e s  the s t ream-l ines  of 
the f l u i d .  

It would be i n t e r e s t i n g  t o  cons t ruc t  I n t e r i o r  s o l u t i o n s  

A s e r i e s  of in t roductory  l e c t u r e s  on the use of 
e x t e r i o r  d i f f e r e n t i a l  forms i n  r e l a t i v i t y  has been given t o  
the R e l a t i v i t y  Seminar of E. T. Newman; t h i s  w i l l  continue 
through the next  trimester. 

Dr .  Clareth Williams (Universi ty  of F lo r ida )  has jo ined  
the group f o r  two months and i s  continuing h i s  work on Rigid 
Motion i n  R e l a t i v i t y .  

The following papers are i n  preparat ion:  

(1) On Conformal Motion i n  the Space-Time of 

(2) A Note on the Petrov-Types of Certain Space-Times. 

R e l a t i v i t y .  



UDP-GLUCURONIC ACID CARBOXY-LYASE FROM 
CRYPTOCOCCUS LAURENTII (Y 1401) 

by 
Helmut Ankel, NASA Research Associate i n  Biology 

Uridine 5- (D-xylosyl pyrophosphate) "UDPxylose" has 
been i s o l a t e d  from &?led cel ls  of C r ,  l a u r e n t i i .  I n  addi t ion ,  
crude so luble  e x t r a c t s  obtained by-shtegration of the  
organism i n  a French pressure c e l l  ca ta lyze  the formation of 
"UDPxylose" from u r id ine  5-( D-glucosyluronic a c i d  pyrophos hate) 
"UDPGA" [Ankel, e t  al, Am. CFiem. SOC. Abstr. 145, 5 C  (196371. 
The a c t i v i t y  of these  e x t r a c t s  i s  increased b y d d i t i o n  of' NAD 
and abol ished by t he  a c t i o n  o f  NAD glycohydrolase (3.2.2.5). 
"UDPQA" carboxy-lyase has been pa r t i a l ly  p u r i f i e d  by 
f r a c t i o n a t i o n  of the  crude e x t r a c t  wi th  MnC12 and (NHf)2SO4. 
The enzyme has a pH optimum of  7.4 and a K a t  37OC o 
10-3 M. The p u r i f i e d  enzyme has an absoluFe requirement f o r  
NAD wi th  half-maximal a c t i v a t i o n  a t  10-6 M. A t  a NAD 
concentrat ion of 3 x 10-3 M an equal concentrat ion of NADH 
i n h i b i t s  the enzyme 90 p e r  cent .  The enzyme i s  not  activated 
b u t  i s  i n h i b i t e d  by NAD analogs i n  which nicotinamide i s  
replaced by: pyridyl-3-aldehyde, 3-acetylpyridine,  +ethyl 
pyridyl ketone, thlonicotinamide o r  e thyl  n i c o t i n a t e .  
Nicotinamide-hypoxanthine-dinucleotide and a-NAD n e i t h e r  
a c t i v a t e  nor  i n h i b i t ,  The observed requirement f o r  NAD and 
the  known ease of deoarboxylation of p-keto-acids are 
c o n s i s t e n t  with the  hypothesis that  the decarboxylation of 
"UDPQA" involves  the  t r a n s i e n t  formation of a carbonyl 
in te rmedia te  by oxido-reduction a t  C-4. 
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STUDIES ON THE STRUCTURAL PROPERTIES O F  WATER 
AND AQUEOUS SOLUTIONS 

by 
Felix Franks, NASA Research Associate i n  Chemistry 

The P rope r t i e s  o f  Water-Urea-Hydrocarbon Systems. 

The model described i n  the previous r epor t  has been 
developed and tested aga ins t  the observed thermodynamic 
p r o p e r t i e s  of  (a )  pure water, ( b )  water-hydrocarbon mixtures,  
( c )  water-urea mixtures,  and ( d )  the t e rna ry  system water- 
urea-hydrocarbon. The f ea tu res  of t h i s  s t a t i s t i c a l  model can 
q u a l i t a t i v e l y  account f o r  the behavior of the f o u r  systems. 
The r e s u l t s  a l s o  ind ica t e  t h a t  the s t ruc tu red  water spec ies  
bears  some func t iona l  resemblance t o  the gas hydrate 
s t r u c t u r e s ,  i n  t ha t  the  thermodynamic p r o p e r t i e s  of hydro- 
carbon s o l u t e s  i n  t h i s  species are comparable with the 
en tha lp i e s  and en t rop ie s  of formation of the  c r y s t a l l i n e  
hydrates. The unstructured water, on the o the r  hand, shows 
some of the p r o p e r t i e s  of p o l a r  bu t  unassociated solvents .  
It i s  hoped t o  extend the a p p l i c a b i l i t y  of t h i s  model t o  the 
study of water-alcohol mixtures. This  will probably involve 
the  necess i ty  of numerical so lu t ions  t o  some of the 
d i f f e r e n t i a l  equat ions involved. 

2.  Hydration and Association i n  Di lu te  Solut ions of Sur fac tan ts .  

The r e s u l t s  out l ined i n  t h e  previous r epor t  were 
presented a t  the 1964 Spr ing  Meeting of the ACS and have been 
submitted f o r  pub l i ca t ion  i n  J. Phys. Chem. 

Fur ther  r e s u l t s  on the pH and conductance of sodium 
dodecyl sulphate  so lu t ions  i n  the submicel lar  concentration 
range i n d i c a t e  t ha t  the assoc ia t ion  may be due t o  "acid soap" 
formation, as i s  the case f o r  carboxylic a c i d  salts. T h i s  
would mean t h a t  a lky l  sulphuric  a c i d s  are no t  the s t rong  
acids which they a r e  normally considered t o  be. 
of the  r e s u l t s  i s  s t i l l  i n  progress.  

Evaluation 

3. The P rope r t i e s  of Walter-Alcohol Mixtures. 

A review a r t i c l e  i s  i n  the process  of being w r i t t e n  
f o r  Quar t e r ly  Reviews (London Chemical Society) .  



THE STRUCTURE OF THE "HYDRAZONE" OF DINAPHTHOQUINONE 

E l l i  Hand, NASA Research Associate i n  Chemistry, and 
Theodore Cohen, Associate Professor  of Chemistry 

by 

According t o  Pummerer ["r. 72, 1623 (1939)], the  
canary yellow dinaphthoquinone r e a c t s w i t h  "hy3razOne" t o  
give I, a very  inso luble ,  high-melting material t h a t  i s  
black whzn dry and copper-bronze when c r y s t a l l i z e d  from 
pyridin?.  Since thzse  p r o p e r t i e s  seemed a t  var iance with 
s t r u c t u m  L, tJi? com2ound i s  under i n v e s t i g a t i o n  by us.  

Tbe "hycirazone" gives a yellow monoacetate, no t  
f u r t h e r  ~cylc".Sle,  from which the s t a r t i n g  material can be 
rc:scerated, Elemmtal  ana lys i s  and s p e c t r a l  data of the 
a c e t z t e  can be i n t e r p r e t e d  i n  terms of s t r u c t u r e  IIa. Our 
p re sen t  working hypothesis i s  t h a t  the "hydrazone" has 
s t r u c t u r e  I I b .  If the co lor  of I I b  i s  due t o  charge- 
t r a n s f e r  i n t e r a c t i o n s ,  t h e  compound should be of considerable 
i n t e r e s t  s ince the  e l ec t ron - r i ch  and the electron-poor 
con t r ibu to r s  to a charge-t ransfer  complex here are present  
i n  the same n-iolecule. T h i s  p o s s i b i l i t y  w i l l  be inves t iga ted .  
Charge-transfer complexes have r ecen t ly  been of i n t e r e s t  
because of t h e i r  e l e c t r o n i c  p rope r t i e s .  

The proximity of the OH and NH groups i n  I I b  i s  
corroborated by the  i n f r a r e d  spectrum of a de r iva t ive  t o  
which s t r u c t u r e  I11 i s  assigned. At tempts  t o  degrade I I b  
t o  the known compound I V Y  whose i s o l a t i o n  would unambiguously 
prove the  presence of the  nitrogen-containing r i n g  and i t s  
r e l a t i o n  t o  the quinone r ings,  fa i led.  A t  least  fou r  o t h e r  
ox ida t ion  products are formed. The s t r u c t u r e s  and r eac t ions  
of these a r e  being s tudied.  Various model compounds have 
been prepared. The s t r u c t u r e  e luc ida t ion  i s  a l s o  being 
attempted by unambiguous synthesis .  A promising route  
appears t o  be v i a  the  coupling product o f  V and benzene 
diazonium chloFiXe. 
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PROGRESS REPORT NO. 2 
by 

Edgar Inselberg,  NASA Research Associate i n  Chemistry 

The following publ ica t ions ,  i n  p r e s s  o r  i n  prepara t ion  
a t  the time of the f i r s t  repor tp  have now appeared. 

(a )  ( w i t h  J .  L. Rosenberg) In te r fe rence  o f  Emission 
Changes w i t h  Fas t  Absorption Changes i n  the Flash Spectroscopy 
of Algae. This  paper was included i n  a symposium volume 
dea l ing  with the photosynthetic mechanisms of green p l a n t s .  

(b) Simultaneous Determination of Radioisotope Pairs 
by the  Decay Constant D i f f e ren t i a t ion  P r inc ip l e  (1). 

I completed an i n i t i a l  l i t e r a t u r e  review of  my cu r ren t  
p r o j e c t ,  " S t a t i s t i c a l  Inference from Radioact ivi ty  Measure- 
ments. " 
loca ted  and read; over 150 were abs t r ac t ed .  Sect ions of  
s eve ra l  new t e x t s  on radiochemistry and t r a c e r  methodology 
were read. An examination of the most recent  ca ta logs  o f  
nuc lear  equipment companies brought m e  up t o  da t e  on recent  
developments i n  instrumentation. Several  papers p e r t a i n i n g  
t o  instrumentat ion f o r  t h e  de tec t ion  o f  r a d i o a c t i v i t y  i n  
space and i n  the atmosphere were s tudied.  Several  conclusions 
are warranted. 

Over 500 p o t e n t i a l l y  p e r t i n e n t  re ferences  were 

(a )  A new model e luc ida t ing  the na ture  of the 
d i spe r s ion  of r a d i o a c t i v i t y  measurements (1) warrants f u r t h e r  
study. Th i s  study would s t a r t  w i t h  a mathematical de r iva t ion  
of the general ized frequency d i s t r i b u t i o n  o f  r a d i o a c t i v i t y  
measurements, of which the Poisson d i s t r i b u t i o n  (counting 
s t a t i s t i c s )  i s  but  a spec ia l  l i m i t i n g  case.  

( b )  The implicat ions of the above model f o r  
s t a t i s t i c a l  inference from r a d i o a c t i v i t y  measurements would 
be inves t iga ted .  

genera t ing  funct ions,  method of maximum l ike l ihood)  are 
above the  w r i t e r ' s  p resent  attainment,  considerable study of 
mathematical s t a t i s t i c s  and recent  work i n  appl ied s t a t i s t i c s  
w i l l  be required.  

o f  r e p r i n t  reques ts  (l), i t  appears that  the work i n  progress  
may be of wide a p p l i c a b i l i t y .  

( c )  Since the  mathematics involved (e .  g., Laplace 

( d )  A s  a r e s u l t  of these  readings and the d i v e r s i t y  

I n  accordance w i t n  coiicliisis:: ( c )  above, the study 
of seve ra l  new textbooks i n  appl ied s t a t i s t i c s  was started. 
Unpublished data co l l ec t ed  by the  w r i t e r  i n  connection w i t h  
t h e  work on the  simultaneous determination of radioisotope 
pairs (1) w i l l  be used t o  t e s t  the v a l i d i t y  of the 
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mathematical model a r r ived  a t  and i t s  app l i ca t ion  t o  
s t a t i s t i c a l  inference.  

(1) Anal. Chem. - 36 ,  568 (1964). 



MEASUREMENTS OF CHARGE TRANSFER 
AND 

IONIZATION CROSS SECTIONS 
by 

Kotu Lul la ,  NASA Research Associate i n  Physics 

The following r e p o r t  covers work done i n  the 
labora tory  of Professor  T. M. Donahue i n  the Department of 
Physics, Space Research Coordination Center ,  Universi ty  
of Pi t tsburgh,  s ince  December 1, 1963. 

Charge Exchange 

H+ (100,- 400 kev) + H (25 kev) 3 €I+ + H 
The duoplasmatron ion source has been tuned and 

the ion beam analyzed a f te r  bending through goo i n  a 
magnetic f ie ld .  A stable proton beam of one t o  two 
mill iamperes has been obtained a t  25 kev. 
chamber wi th  independent pump s t a t i o n  has been designed and 
is under cons t ruc t ion .  
exchange a good f r a c t i o n  of H+ beam. 
pumping, s c a t t e r i n g  and de tec to r  chambers, each independently 
pumped, are being designed. 

A n e u t r a l i z i n g  

A t  present ,  d i f f e ren t i a l  
This w i l l  enable us t o  charge 

Elec t ron  Loss 

A high vacuum gas handling system has been 
incorporated i n  the  main apparatus and non-fract ionat ing 
d i f f u s i o n  pump and aceton-dry i c e  t r a p  have been replaced 
by 1420 PYC pump (C.V.C. )  and l i q u i d  ni t rogen t rap .  The 
quadruple mass spectrometer has been put  i n t o  operat ion 
and mass reso lu t ion ,  Am, of 1/60 has been obtained which 
will enable us t o  d i s t i n c t i v e l y  sepa ra t e  masses such as 
CO and CN. A t  present ,  30 kev proton beam and the  mass 
spectrometer are being used t o  analyze the background as a 
funct ion of target gas densi ty .  

T r  
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THE CRYSTAL STRUCTURE OF HYDRATES 
by 

Thomas Mak, NASA Research Associate i n  Crystallography 

As stated i n  an earlier repor t ,  my study is concerned 
with the c rys t a l - s t ruc tu re  ana lys i s  of the double hydrate of 
te t rahydrofuran and hydrogen sulphide.  Complete three- 
dimensional d i f f r a c t i o n  data were co l l ec t ed  on a Weissenberg 
camera enclosed i n  a cold box maintained a t  --2OoC. with dry  
i c e .  

cubic water hos t  l a t t i c e  c h a r a c t e r i s t i c  of S t ruc tu re  I1 
hydrates  (1). The tetrahydrofuran molecules occupy the 
larger hexahaidecahedra without hydrogen-bonding t o  the water 
framework, and the H2S molecules occupy t h e  dodecahedra, as 
suggested by von Stackelberg ( 2 ) .  
s t r u c t u r e  is i n  progress .  

0 
Preliminary ca l cu la t ions  have confirmed the 17 A 

Further  refinement of the  

(1) W. F. Claussen, J.  Chem. Phys. 19, 259 (1951); M. 
von Stackelberg and R. H. MtilleT 2. Electrochem. -’ 58 
25 (1954). 

( 2 )  M. von Stackelberg and B. Meuthen, 2. Electrochem. - 62, 
130 (1958). 



THE BEHAVIOR OF THE HIGH-ENERGY INTERMEDIATES IN 
ORGANIC SYSTEMS 

by 
Jack Pinkus, NASA Research Associate i n  Chemistry, and 

Theodore Cohen, Associate Professor of Chemistry 

I n  the study of the  nature  of highly r eac t ive  
carbonium ions,  t h e i r  production by expulsion o f  molecular 
n i t rogen  from diazonium ions  has furn ished  numerous 
oppor tun i t i e s  previously f o r  eva lua t ing  t h e i r  phys ica l  
p rope r t i e s  and their  chemical behavior towards environmental 
molecular s t ruc tu re .  For generat ion of these diazonium ions ,  
the use of model precursors ,  which possess  fused r i n g s  and 
seve ra l  cen te r s  of asymmetry i n  add i t ion  t o  the diazonium i o n  
t o  carbon bond, allow one t o  gain i n s i g h t  i n t o  the in f luence  
of in t ramolecular  e f f e c t s  and so lvent  i n t e r a c t i o n s  on the 
carbonium ion. Conclusions are drawn by examining the 
s tereochemistry of the product molecules which r e s u l t  f r o m  
charge n e u t r a l i z a t i o n  of the carbonium ion  by i n t e r n a l  
e l e c t r o n  displacements o r  by i n t e r a c t i o n  with ex te rna l  
nucleophi les .  

One r ing  system which has furnished important data 
of t h i s  type i s  exemplified by the deca ly l  amines. 
deamination of the cis-2-decalyl amines has been s tud ied  by 
Hflckel (1). C o n c l u x n s  regarding the na ture  of r eac t ive  
in te rmedia tes  i n  t h i s  r eac t ion  are based on the r e l a t i v e  
s tereochemistry of a product cis-2-decal01 and the starting 
amine. 
of Hdckel by present ing  evidence tha t  the conf igura t ions  of 
the two epimeric cis-2-decalyl amines were misassigned. 
Nevertheless,  H d c m  and S t e l z e r  (3 )  have no t  accepted 
Dauben's r e s u l t s  as conclusive. 

The 

Dauben and Hoerger ( 2 m a v e  challenged the conclusions 

We proposed t o  resolve t h i s  l i t e r a t u r e  c o n f l i c t  before 
studying o t h e r  systems. Accordingly we chose t o  deteHnine 
the s tereochemistry of  the cis-2-decalyl  amine assigned by 
Dauben t o  have the c i s - c i s  conf igura t ion .  A simple approach 
would be t o  c o n v e r t ~ c ~ 2 - d e c a l o l  of known stereochemistry 
t o  the cis-2-decalyl  aZEe i n  an  unambiguous fashion. By 
employingthe  s t e reo  s p e c i f i c  displacement r eac t ion  of an 
a lcohol  p- toluenesulfonate  with l i q u i d  ammonia (4 ) ,  the 
c i s -c i s -2-deca ly l  amine should be obtained from cis- t rans-2-  
decam p-toluenesulfonate .  Indeed, i n  t h i s  man= wehave  
now shown that the  stereochemical assignments f o r  the 
cis-2-decalyl amines were inco r rec t ly  assessed by Hdckel. 
m s  r e s u l t  t he re fo re  confirms the conclusions drawn by 
Eauben; We propose that t h i s  method of stereochemical 
assignment (high pressure  ammonolysis with waltien inver8.iorr) 
i s  the preferred a proach ( i n  the absence of neighboring 
group i n t e r a c t i o n s  P t o  r e l a t i n g  amine and alcohol  configurat ions.  
The method of Hflckel f o r  ass igning r e l a t i v e  amine and a lcohol  
conf igu ra t ions  i s  thus  inva l id .  The major d i f f i c u l t y  i n  the 
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aforementioned inves t iga t ion  turned ou t  to be the problem 
encountered i n  obta in ing  cis-trans-2-decal01 no t  contaminated 
with the epimeric cis-cls-2-decalol o r  the isomeric t r ans -  
trans-2-decal01 anmhnrans-cis-2-decalol. The e l m  
supposedly pure cis-tranTTZ5mZFhas only been obtained 
previously i n  smm amounts af ter  ted ious  procedures.  
S t a r t i n g  with a c o m e r i c a l  mixture of the f o u r  deca lo ls ,  
obtained by reduct ion o f  2-naphthol, containing a few per Cent 
of the c i s - t r a n s  and c i s - c i s  isomers, w e  have attempted t o  
apply fractional c r y s E X l E t i o n  techniques on a number of 
ester d e r i v a t i v e s  as previously reported.  These methods did  
not  a f f o r d  puredecalol.  F ina l ly  we found tha t  the 3,s- 
din i t robenzoates  of a p a r t i a l l y  p u r i f i e d  (as the ph tha la t e s )  
deca lo l  mixture possessed s o l u b i l i t y  p r o p e r t i e s  which 
afforded the desired decalol  de r iva t ive  i n  a high state of 
p u r i t y .  Also developed was a prepara t ive  gas chromatography 
procedure f o r  obtaining pure cis- t rans-2-decalol .  

sa l ts  and possessing s t a b i l i z i n g  s u b s t i t u e n t s  such as a r y l  o r  
vinylhave provided important information i n  recent  years .  
Some of the p a t t e r n s  of carbonium i o n  behavior t ha t  have 
emerged f r o m  these inves t iga t ions  i n d i c a t e  t o  u s  t h a t  a widely 
publ ic ized  communication (5) i n  t h i s  area may be i n  
considerable e r r o r .  We have proposed t o  r e i n v e s t i g a t e  the 
deamination of 3-phen l a l l y l  amine. Details of i t s  synthesis 
are e i ther  lacking  (5 T o r  given as a series of low y i e l d  
steps ( 6 ) .  
the synthesis of the amine by a new simple route.  We 
proposed t o  prepare the unknown 3-phenylallyl  isocyanate  and 
convert  the isocyanate  group t o  the amine funct ion.  The 
first step has a l ready  been explored b r i e f l y .  
nuc lear  magnetic resonance evidence, the r eac t ion  of 
cinnamyl bromide w i t h  s i l v e r  cyanate appears t o  g ive  
e x c e l l e n t  yields  of the desired isocyanate .  Additional work 
i s  i n  progress  i n  t h i s  area and related problems (7). 

- 
Studies  with carbonium i o n s  der ived from diazonium 

To f a c i l i t a t e  the  i nves t iga t ion  w e  have approached 

Based on 

(1) W. Hkkel ,  Ann. - 533, 1 (1937). 

(2)  W. G. Dauben and E. Hoerger, J. Am. Chem. SOC.  73, 1504 - 
(1951) 

(3)  W. Hackel and G. S t e l ze r ,  B e r .  - 88, 984 (1955). 

(4)  J. L. Pinkus, G. Pinkus, and T. Cohen, J. Org. Chem. m, 

(5) Y. Pocker, Chem. and Ind. 195 (1959). 

- 
4356 (1962)- 
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(6) A. Iliceto and 0. Gaggia, Gam. chim. ital. 90, 262 (1960). - 
(7)  J. L. Pinkus and T. Cohen, Interim Report, Oct. 1963. 



THERMOLUMINESCENCE I N  ALUMINUM- CONTAINING QUARTZ 
by 

M. Schlesinger,  NASA Research Associate i n  Physics 

This  work i s  concerned wi th  the  thermoluminescence 
i n  X- i r rad ia ted  aluminum-containing quartz ,  both doped with 
germanium as well  as germanium-free. The genera l  glow curves 
and t h e i r  s p e c t r a l  composition have been inves t iga t ed .  A 
germanium-doped c r y s t a l  e x h i b i t s  two main glow peaks, one a t  
460 O K  and another  a t  600 OK. 
e x h i b i t s  a main glow peak a t  570 O K .  All these peaks have 
been found t o  have the same s p e c t r a l  composition, which 
cons5.st.s of a broad band (ha l f  width of  about 0.58 e V )  
pealcing a t  about 485 m v .  

doped and B e l l  (R-537) germanium-free quar tz  c r y s t a l s .  Both 
c r y s t a l s  contain aluminum. Typical r e s u l t s  of emission 
analyses  on po r t ions  of these c r y s t a l s  a r e  given i n  reference 
(l), Tab le  1. X- i r rad ia t ion  was c a r r i e d  out  wi th  a Dunlee 
x-ray tube (wi th  a tungsten t a r g e t )  operated a t  50 KVP and 
15 mA. The genera l  glow curves were recorded e s s e n t i a l l y  i n  
t h e  same way as descr ibed e1sev:here ( 2 ) .  The s p e c t r a l  
composition, however, of the glow which i s  f a i r l y  low i n  
i n t e n s i t y ,  was taken with the colored c r y s t a l  heated i n  the 
vacuum c ryos t a t  ( 2 )  w i t h  i t s  window i n  nea res t  access  t o  the  
entrance s l i t  of a Leiss  s ing le  monochromator ( r e l a t i v e  
aper ture  of L 6 . 2 ) .  An RCA 1P 28 type photomul t ip l ie r  was 
a t tached  t o  the ex i t  s l i t  of  the  monochromator. The output  
of  the photomul t ip l ie r  was connected t o  the y terminals  of a 
Tektronix 555 type dual  beam osci l loscope,  through a type-D 
plug-in u n i t .  The wavelength drum i n  the monochromator was 
dr iven  t o  and f r o  over the des i red  s p e c t r a l  i n t e r v a l  by a 
General Radio type 1750-A mechanical sweep dr ive .  The 
propor t iona l  vol tage output of the  sweep d r ive  was connected 
t o  the x terminals  of t h e  scope. Photographs of the 
osc i l loscope  t r a c e  were taken w i t h  a Polaroid camera. 

The germanium-free sample 

The c r y s t a l s  used were Clevi te  (33C-4,) germanium- 

Curve (a )  i n  Fig.  l i s  the glow curve of the  gemnanium- 
doped c r y s t a l  a f t e r  x - i r r a d i a t i o n  f o r  40 minutes a t  room 
temperature.  
f a c t o r  o f  20.) The heat ing r a t e  was about lOO/min. The 
s t ronges t  peak appears a t  about 600 OK, a weaker peak occurs 
a t  about 460 OK.  Curve ( b )  i n  Fig. 1 i s  the  same p l o t  (bu t  
a t  f u l l  s c a l e )  for the germanium-free sample. The s t ronges t  
peak i n  t h i s  case appears a t  about 570 OK.  It i s  o f  i n t e r e s t  
t o  note,  t h a t  while the  i n t e n s i t y  r a t i o  between t h i s  peak and 

dens i ty  a t  the  "Aluminum" absorption bands (-z4521 rrip) i s  sf 
the  same o rde r  of magnitude i n  both cases .  

(The v e r t i c a l  s c a l e  has  been reduced by a 

+Ln U I ~ ~  n n m l r  rrUIL a t  500 O K  i n  curve ( a )  i s  about 1:100, the  o p t i c a l  

Fig.  2 shows t h e  spec t r a l  composition of the glow i n  
both the 460 O K  and 600'OK glow peaks of the  germanium-doped 
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c r y s t a l .  The same s p e c t r a l  composition i s  found i n  the 
570 OK peak of the germanium-free c r y s t a l s .  
of the emission band i s  the same f o r  a l l  t h ree  glow peaks. 

The half  width 

E l e c t r i c  conductivity measurements performed on the 
germanium-doped c r y s t a l  show no de tec tab le  cur ren t  peaks 
during the  thermoluminescent l i g h t  emission. 

The f a c t  that the  spec t r a l  composition of the 
thermoluminescence (Fig.  2 )  i s  the same f o r  both samples impl ies  
t h a t  t h e  emission i s  due t o  the same o p t i c a l  t r a n s i t i o n  i n  
bo th  samples. 
curves occur at  d i f f e r e n t  temperatures (Fig.  1). An 
i n t e r p r e t a t i o n  cons i s t en t  with these f a c t s  i s  as follows: 
during x - i r r a d i a t i o n  e l ec t rons  removed from aluminum s i tes  (3) 
(present  i n  both c r y s t a l s )  are trapped a t  o t h e r  s i tes .  
s i t e s  have previously been i d e n t i f i e d  i n  germanium-doped 
quar tz  ( i n  part ,  a t  l e a s t )  as s u b s t i t u t i o n a l  germanium 
atoms ( 4 ) ;  i n  germanium-free quartz  the e l ec t ron  traps have 
n o t  been i d e n t i f i e d .  Heating f r e e s  the  trapped e l e c t r o n s  a t  
temperatures c h a r a c t e r i s t i c  of the e l ec t ron  t r aps .  
re leased  e l ec t rons  i n  both germanium-doped and germanium-free 
c r y s t a l s  recombine wi th  the holes  a t  the aluminum s i tes .  
The emitted l i g h t  i s  assoc ia ted  wi th  the  recombination 
process  which i s  the  same i n  both c r y s t a l s .  

On the o t h e r  hand the m a x i m a  of the  glow 

These 

The 

The higher  i n t e n s i t y  of the thermoluminescence i n  
t h e  germanium-doped sample i s  of i n t e r e s t .  
t h a t  the  presence of germanium i n  the c r y s t a l  no t  only provides 
t rapping s i t e s  f o r  e lec t rons ,  but  a l s o  enhances t h e  proba- 
b i l i t y  of r a d i a t i v e  recombination of e l ec t rons  and holes .  
T h i s  conclusion i s  based on the assumption t h a t  the number of 
trapped holes  i s  about the same i n  both c r y s t a l s ,  s ince  the 
o p t i c a l  dens i ty  i n  t h e  450 mk band a t t r i b u t e d  t o  the trapped 
holes  (5 )  i s  about t he  same and one assumes p ropor t iona l i t y  
between o p t i c a l  dens i ty  and number of co lor  centers ,  a s  i s  
the case w i t h  a lka l i  halides.  

This  impl ies  

The lack  of thermally s t imulated cu r ren t  i n  t u r n  
might imply t h a t  the  germanium impurity i s  i n  spac ia l  
a s soc ia t ion  ( 6 )  w i t h  the  aluminum impurity,  thus being able 
t o  inf luence  the  recombination process as s t a t e d  above. 

It  i s  a p leasure  t o  acknowledge with thanks the 
encouragement and valuable suggestions inade by Professor  
John H. Anderson. 

(1) A. Halperin and J .  E. Ralph, J. Chem. Phys. 39, 63 (1963). 

(2) M. Schlesinger,  Ph.D. t hes i s ,  The Hebrew Universi ty  of 

- 

Jerusalem, 1963 (unpublished).  
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(3)  I n  the  O'Brien (5)  model the hole i s  assumed t o  r e s ide  
predominantly on an oxygen atom bound t o  the  aluminum, 

( 4 )  J .  H. Anderson and J .  A.  Weil, J .  Chem. Phys. 31, 427 - 
(1959) 

(5)  M. C. M.  O'Brien, Proc. Roy. SOC. A231, 404 (1955). 

( 6 )  J. Mackey, Jr. J .  Chem. Phys. - 39, 74 (1963). 

Fig.  1 Glow curves as taken (a )  from germanium-doped 
Clevi te  (33C-4,) Quartz c r y s t a l  ( b )  germanium-free 
B e l l  (R-537) c r y s t a l .  Both irradiated f o r  40 min. 
a t  room temperature, heat ing rate about 10O/rnin. 
[curve ( a )  2 0 X  reduced]. 

Fig.  2 Re-plot of the osci l loscope t r a c e  photographs of the 
s p e c t r a l  composition of the glow a t  460 OK, 600 OK 
peaks i n  the  (33C-4 ) and the  570 OK peak i n  the  
(R-537) Quartz crysgals .  
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A STUDY OF SOME TYPES OF CHEMICAL BONDING 
by 

John Tanaka, NASA Research Associate i n  Chemistry 

A synthes is  of completely deutera ted  trimethylamine 
was undertaken i n  order  t o  be able t o  ass ign the boron- 
hydrogen infrared frequencies of boron hydride-amine adducts.  

Two model syntheses were developed. One e n t a i l e d  a 
sequence of reac t ions ,  t h e  f i rs t  s t eps  of which involved 
the reac t ion  of t r ie thylamine w i t h  methyl bromide, the 
conversion of the product t o  the quaternary ammonium 
hydroxide, followed by a pyro ly t ic  e l iminat ion of ethylene.  
The above sequence repeated twice more produced the 
desired product.  Another approach involved r eac t ing  methyl 
bromide w i t h  ethylamine i n  the presence of s i l v e r  oxide.  
The ethyltrimethylammonium hydroxide formed was f i l tered,  
separated from water,  and pyrolyzed. When the second of 
the above r eac t ions  was ca r r i ed  out w i t h  deuterated methyl 
bromide, a hydrogen-deuterium exchange was found t o  have 
taken p lace .  

The na ture  of the hydrogen-deuterium exchange was 
s tudied ,  using complete deuterium oxide media and the 
Hoffman el iminat ion of t h e  quaternary ammonium deuteroxide.  
The mechanism has been shown t o  involve a ni t rogen y l i d e  
during the py ro ly t i c  e l iminat ion r eac t ion .  Deuterium was 
always found t o  be introduced i n t o  the  ethylene el iminated 
and  hydrogen was always found t o  be introduced i n t o  the 
methyl groups of the  trimethylamine. 

Methods a r e  being worked out  t o  synthesize the 
deutera ted  trimethylamine from tetramethylammonium 
deuteroxide.  
sought.  

Improvement i n  y i e l d s  are c u r r e n t l y  being 

A paper i s  being planned f o r  the September American 
Chemical Society Meeting i n  Chicago. 
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Stock c u l t u r e s  of green and a lb ino  c a l l u s  of tobacco 
are maintained wi th  subcul tur ing a t  4-6 week i n t e r v a l s .  The 
data f rom the first s e t  o f  experiments i n d i c a t e  t h a t  maximum 
growth ( f resh weight o r  d ry  weight) of bo th  green and a lb ino  
takes p lace  on a c u l t u r e  medium supplemented with indo leace t i c  
a c i d  ( I A A )  and 2,4-dichlorophenoxyacetic a c i d  (2,4-D) both a t  
1 x M o r  with I A A  and k i n e t i n  both a t  1 x 10-6 M. 
Preliminary observat ions revea l  that the  presence of 2,4-D 
i n  the cu l tu re  medium can a f f e c t  pigment production i n  t h e  
green s t r a i n .  

From ths,ne rout ine  cul tures ,  i t  has  been poss ib l e  t o  
i s o l a t e  the  green s t r a i n  as "v i s ib ly  green cu l tu re s"  both i n  
s o l i d  and i n  l i q u i d  cu l tu re  w i t h  the green co lo r  being 
maintained i n  continued subcultures by growing the cu l tu re s  
under very d i f f u s e  l i g h t  conditions thus prevent ing photo- 
des t ruc t ion  of the  chlorophyll  pigments. Spectrophotometric 
determinations of the pigment contents  of the green c a l l u s  
c u l t u r e s  show no d i f f e rence  i n  pigment components from that 
of the i n t a c t  p l a n t .  The l i q u i d  c u l t u r e  i s  highly f r iab le  
and maintains a very a c t i v e  growth rate producing a very good 
suspension of  c e l l s  and cel l -aggregates .  One m l .  inoculum 
of such a l i q u i d  suspension when plated on an agar  p la te  
produce v i s i b l y  green colonies within 2 weeks. The smallest 
of such a v i s i b l y  green colony can weigh as l i t t l e  as 4-6 
mi l l ig rams.  These small colonies when ex t r ac t ed  wi th  80 p e r  Cent 
acetone show de tec t ab le  pigment separa t ion  i n t o  the  var ious 
components by t h i n  l a y e r  chromatographic techniques.  Thus 
the capaci ty  f o r  pigment production i n  such small c e l l  
co lonies  i s  being r e t a ined  ind ica t ing  the s t a b i l i t y  o f  t he  
gene f o r  chlorophyl l  production i n  cu l tu re .  

The a lb ino  s t r a i n  also maintains a very a c t i v e  growth 
rate both i n  s o l i d  and i n  l i q u i d  c u l t u r e s  and produces 
v i s i b l e  a lb ino  colonies  when p l a t e d  on agar plates.  I n  one 
c u l t u r e  flask growing i n  very d i f f u s e  l i g h t ,  l a r g e  patches 
of "chlorophyllous a reas"  have appeared i n d i c a t i n g  that  

somatic backmutation" can occur i n  p r o l i f e r a t i n g  c e l l s  of 
t h e  c a l l u s  t i s s u e  too. Attempts a r e  i n  progress  t o  maintain 
t h i s  " s t r a i n "  s t a b l e  i n  continuous c u l t u r e s  using various 
low-intensi ty  i l lumina t ions .  Attempts  are a l s o  d i r ec t ed  t o  
evaluate develapment of mutated colonies  which are 
phys io log ica l ly  capable of chlorophyll  production from 
a lb ino  suspension c u l t u r e s  by p l a t i n g  techniques.  

have been growing very well i n  b i g  cu l tu re  ves se l s  as high 

I f  

I n t a c t  a lb ino  p l an t s  grown as "normal 'I seedl ings  
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as 12 inches.  Continued e f f o r t s  are d i r e c t e d  t o  "graft" 
them t o  mature green tobacco p l a n t s  i n  greenhouse i n  o rde r  
t o  pho toinduce flowering. 

Ten-day o ld  germinated green and a lb ino  tobacco 
seedl ings  were i r radiated f o r  d i f f e r e n t  dosages i n  a Cd37 
source.  Per iodica l  observations are being made on the 
growth of the leaves  i n  the a lb ino  seedl ings  f o r  changes i n  
number o f  "green" patches and o t h e r  growth phenomena. 
Suspension c u l t u r e s  of green and a lb ino  c e l l s  were a l s o  
irradiated wi th  u l t r a v i o l e t  and Cd37 source and p la ted  on 
agar plates  and observat ions are i n  progress .  
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A Lur 'e Problem i n  Partial  D i f f e r e n t i a l  Equations: 

Consider t he  system 

where p (0, t 
and whsre f ( O  I = U and s f ( s T  > 0, s t; 0. - - -  p, b, d are 
n-vectors;  - -  A, B are n + n matrices.  

For a Lyapunov func t iona l ,  choose 

= p (1, t )  = 0 and '(0, t )  = a(1, t )  = 0,  

Then 

Along w i t h  t h i s  system, consider the Lur 'e problem f o r  
ord inary  d i f f e r e n t i a l  equations given by 

= - A y + 11 f ( p )  

= - d '  y - r f ( p )  

For (2), consider  the Lyapunov funct ion 

w(y) = E' 9 31 + s o p  f b )  ds 

the de r iva t ive  of  which i s  
r 1 

The folldwlng theorem i s  an immediate consequence. 

Theorem: 

A s u f f i c i e n t  condition f o r  the asymptotic s t a b i l i t y  
of the n u l l  s o l u t i o n  of (1) i s  

(1) w(y> > 09 y 9 2 
0-1) i (y )  < 0 ,  y 4 2 
(iii) B '  - -  Q = 4B, 


